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FLP-MEDIATED GENE MODIFICATION IN MftMMALIAH CELLS 
AND COMPOSITIONS AND CELLS DSEFDL THEREFOR ' 

This Invention relates to recombinant DNA 
technology, m a particular aspect, this invention 
relates to methods for the site-specific recombination of 
DNA in mammalian cells or host mammalian organisms. In 
5 another aspect, the present invention relates to novel 
DNA constructs, as well as compositions, cells and host 
organisms containing such constructs, m yet another 
aspect, the present invention relates to methods for the • 
activation and/or Inactivation of expression of 
10 functional genes. m a further aspect, the present 

invention relates to methods for the introduction of DNA 
into specific sites in the genome of mammalian cells, in 
a still further aspect, the present invention relates to 
gene therapy methods, in still another aspect, the 
15 present invention relates to means for the recovery of 

transfected DKA from a cell or host organism, in a still 
further aspect, the present invention relates to assay 
methods. 



20 



25 



30 



BACK6R001TD OF THE INVENTION 

Many recent manipulations of gene 
ejqaression involve the introduction of transfected genes 
(transgenes) to confer seme novel property upon, or to 
alter some . Intrinsic property of, mammalian cells or 
organisms. Tha efficacy of such manipulations is often 
impaired by such problems as the inability to control the 
chromoseanal site of transgene integration # or the 
inabUity to control the number of copies of a transgene 
that integrate at the desired chromosomal site; or by 
difficulties in controlling the level, temporal 
characteristics, or tissue distribution of transgene 
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expression; or by the difficulty of modifying the 
structure of transgenes once they are integrated into 
Taammalian chromosomes. 

Transgenes are often introduced into 
5 meunmalian cells or organisms to determine which 

components of. a transgene are rec[uired for specific 
qualitative or quemtitative saterations of the host 
system. Since both chromosomal position and copy number 
are major detenoinants of transgene function, the 
10 usefulness of these analyses, is limited because current 
techniques- for efficiently introducing transgenes into 
mammalian hosts result in the Insertion of a variable 
number of transgene copies at random chromosomal 
positions. It is, therefore, difficult (if not 
15 imppssible) to compsure the effects of one trzmsgene to 
those of mother if the two transgenes occupy different 
chromosomal positions and are present in the genome at 
different copy numbers. Considerably more refined 
analyses would be possible if one could routinely 
20 introduce single copies of a variety of transgenes into a 
defined chromosomal position. 

The spatiea or ten^oral characteristics of 
transgene e3q>ressidn is tiif f icult to control in intact 
organisms. The restricted expression of transgenes is 
25 potentially of great interest, as this technique can be 
employed for a variety of therapeutic applications, e.g., 
for the seJ.ective intemq»tion of a defective gene, for 
the 2LLteration of expression of a gene which is otherwise 
over-expressed or under-es^ressed, for the selective 
30 introduction of a gene ^ose product is desircible in the 
liost, for the selective removal or disruption of a gene 
whose esq^ression i^ no longer desizred in tha host, and 
the lilce. 

Transgene expression is "^pically governed 
35 by a single set of control sequences, including promoters 
and enhanceors tdiich are physically linked to the 
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transgenes (i.e., cis-acting sequences) • Considerably 
greater expression control coiad be achieved if transgene 
expression could be placed under the binary control of 
these cis-acting sequences, plus an additional set of 
5 sequences that were not physically linked to the 

transgenes (i.e., trans-acting sequences). A further 
advantage would be realized if the transient activity of 
these trans-acting functions resulted in a stable 
alteration in transgene e3q>ression. In this manner, it 
10 would be possible, for example, to introduce into a host 
a transgene whose expression would have lethal or 
deleterious effects if it was constitutively expressed in 
all cells. This would be accomplished by delaying the 
expression of the transgene to a specific time or 
15 developmental stage of interest, or by restricting the 
expression of the transgene to a specific subset of the 
cell population. 

It is currently difficult (if not 
iB^ossible) tp pirecisely modify the structure qf 
20 transgenes once they have been introduced into mammalian 
cells. In many applications of transgene technology, it 
would be desirable to introduce the transgene in one 
form, and to then be able to modify the transgene in a 
defined manner. By this means, transgenes could be 
25 activated or inactivated or the sequences which control 
transgene expression could be altered by either removing 
sequences present in-tOie original transgene or by 
inserting additlonea sequences into the transgene. 

Previous descriptions of recombinase- 
30 mediated rearrangement of chromosomal sequences in 
Drosophila and mammialian cells have not directly 
addressed the question of whether site-specific 
recomblnases could routinely create a functional 
translational reading frame. Moreover, the reported 
35 efficiency of the prior art recombinase system, in the 
only other description of site-specific recombination in 
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mammalian cells reported to date [based on Cre 
reconOJlnase, described by Sauer and Henderson in Nucleic 
Acids Research. Vol. 17: 147 (1989)] appears to be quite 
low. 

5 

BRIEF DESCRIPTION OF THE INVENTION 

In accordance with the present invention, 
10 we have developed a system for the selective modification 
of chromosomal or esctrachrcmosomal DNA in mammalian 
cells. Selective modification can involve the insertion 
of one DNA into another DNA (e.g., to create a hybrid 
gene, to activate a gene, to inactivate a gene, and the 
15 like) , or the removal of specific DNA molecule (s) from 
other DNA molecule (s) containing the DNA to be removed 
(e.g., to inactivate a gene, to bring desired DNA 
fragments into association with one another, smd the 
like). 

20 The recombination system of the present 

invention is based on site-specific recombinase, FLP. In 
one application of the invention recombination system, 
FLP-mediated removal of intervening sequences is required 
for the formation of a functional gene. Expression of 
25 the functioneil gene therefore, f2J.ls under the control of 
both the regillatory sequences associated with the 
functioned, gene and also under the control of those 
sequences which direct FLP esepression. 

The reverse of the above-described 
30 pirocess, i.e., the FLP-mediated introduction of DNA, 
provides a convenient and selective means to introduce 
DNA into specific sites in mammalian c^omdsomes. 

Fl^mediated recombination of marker genes 
provides a means to follow the fate of various sequences 
35 ov«r tlie course of development and/or from generation-to- 
generation. The recombinatioh event creates a functioneO: 
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marker gane. This gain-of -function system can be used 
for lineage analyses in a wide variety of tissues in 
different organisms* Prior to FLP-mediated 
recombination, the marker gene is normally silent, i.e., 
5 the phenotype typical of the marker is not observed. In 
the absence of FLP, spontaneous recombination to produce 
functional marker occurs only at very low frequencies. 
In the presence of FLP, functional marker is efficiently 
produced. In addition, this gain-of-function system is 

10 heritable and is easily detected by simple histochemical 
assays. For example, in transgenic mice, the lineages in 
which recombination is to occur can be controlled by 
appropriate selection of the promoters used to drive FLP 
expression. This could include promoters that are only 

15 transiently active at a developmental stage that 

substantially precedes overt cell differentiation* since 
tremscription of the marker gene is controlled by 
regulatory secfuences associated thWewith, ftmctional 
meurker genes pan be expressed at later developmental 

20 stages, after cell differentiation has occurred. By this 
means, it is possible to construct a map for mammalian 
development that correlates embryonic patterns of gene 
expression with the orgauiization of mature tissues. 

25 

BRIEF DESCRIPnOK OF THE FIGURES 

Figure 1 presents schematic diagrams of 
FLP-mediated reccnabination events. In Figure lA, FLP- 
30 mediated introduction of DMA is illustrated, while in 

Figure IB, FlP-mediated removza of intervening sequences 
is illustrated. 

Figure 2 is presented in three parts* 
Figure 2A presents schematic diagrams of the e:kpression 
35 vectors pFRTi?GAi;», pNE0/5GAL, and pOG44 FLP. Figure 2B 
presents a Southern blot of Hirt lysates prepared from 
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293 (human embryonic kidney) cells transfected with one 
microgram of pHEO^GAL and varying amounts of the pC)G44 
FLP expression vector. Figure 2C graphically presents 
the ^-galactosidase activities in the same tremsfections 
5 shown in pzurt B, referred to above. 

Figure 3 A, at the top, presents a 
schematic of the pattern of plasmid integration in £25 
deduced f r o m Southern blot aned^ysis. Figure 3A, in the 
middle, presents the predicted pattern for 

10 j3--galactosidase positive subclones of £25 if precise 

recombination across the FLP-recombination target sites 
occurs. Figure 3A, at the bottom, presents the predicted 
pattern for /9-galactosidase negative, neonycin resistant 
subclones of E25B2 after FLP mediated insertion of pOG45. 

15 Figure 3B presents an analysis of genomic DNA from a cell 
line with a single integrated copy of pHBOfiGkL (i.e., 
CVlIE0)?GAI/£25, designated ns E25) , two derivative 
i^-gdlactosidase-positive subclones (designated as E25B1 
and E25B2) , and two siibclones derived from S25B2 after 

20 transfection with p0645 (designated as B2K1 and B2N2) • 



DETAILED DESCRIFTIOH OF THE INVENl^OH 

25 In accordance with the present invention, 

there is provided a mzuomalian recombination system 
comprising: 

(i) FLP recombineise, or a nucleotide se<xuence 
encoding same, eind 
30 (ii) a first DHA comprising a nucleotide 

sequence containing at least one FLP 
recombination target site. 
In accordance with another iembodiment of 
the present invention, there are provided novel DKA 
35 constructs useful for the introduction of DKA into the 
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genome of a transfected organism, said DNA construct 
comprising, as an autonomous fragment: 

(a) at least one FLP recombination target 
^ site, 

5 (b) at least one restriction endonuclease 

recognition site, 
(c) at least one marker gene, 
Cd) a bacterial origin of replication, and 

optionally 

^0 (e) a mammalian celltilar or virza origin of 

DNA replication. 

In accordance with yet another embodiment 
of the present invention^ there are provided novel UNA 
constructs useful for the rescue of DNA from the genome 
15 of a transfected organism, said DNA construct comprising, 
as an autonomous fragment, in the following order, 
reading from 5» to 3» along said fragment: 

(a) a first FLP recombination target site, 

(b) an Insert portion con^rising, in any 
20 suitable sequence: 

(1) at least one restriction endonuclease 
recognition site, 

(2) at least one marker gene, 

(3) a bacterial origin of replication, 
25 and optionally 

(4) a mamsializm cellular or viral origin 
of DNA replication, and 

(c) a second FLP recombination target site in 
tandem vith said first FLP recoBibinatioh 

30 ^ target site. ^ 

In addition, there are provided methods for the recovery 
of transfected DNA from the genome of a transfected 
; organism employing the eibove-described constructs. 

In accordance vith still axiother 
35 embodiment of the present invention, there is provided a 
method for the assembly of a functionza gene (i^ch is 
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then suitable for activation of expression) , in mzmmalian 
cells, by recombination of individually inactive gene 
segments derived from one or more gene(s) of interest, 
wherein each of said segments contains at least one 
5 recombination target site, said method comprising: 

contacting said individually inactive gene 
segments with a FLP reconbinase, under 
conditions suitable for recombination to occur, 
thereby providing a DNA sequence \^ch encodes 
10 a functions^, gene of interest. 

In accordance with a further embodiment of 
the present invention, there is provided a method for the 
dlsrc^tlon of functional gene(s) of interest, thereby 
inactivating eqcpresslon of such gene(s) , in mammalian 
15 cells,, wherein said gene(s) of interest contain at least 
one FLP recosiblnatlon target site, said method con^rislng 
contacting said gene(s) of interest with: 

(1) a DNA segment which contains at least one 
. FLP recombination target site, Euid 
20 (11) FLP recomblnase; 

wherein sadd contacting is carried out under conditions 
suitable for recombination to occur between said gene and 
said DNA segment, thereby disnq>tlng the gene(s) of 
Interest and rendering said gene(s) non-functlonea. 
25 In accordance with a still further 

embodiment of the present invention, there is provided a 
method for tirn precisely targeted integration of DNA into 
the genome of a host organism,, said method coII^)rising: 

(I) introducing a FLP recombination target 
30 site into the genome of cells which are 

compatible with the cells of the subject, 

(II) introducing a first DNA con^rislng a 
nucleotide sequence containing at least 
one FLP recombination target site therein 

3^ Into the FLP recombination target site in 

the genome of S2d.d cells by contacting 
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siaid cells with said first DNA and FLP 
recoBblnase, and thereafter 
(ill) Introducing the cells produced by the 
process of step (ii) into said subject, 
5 herein the resulting cells and/or 

organism have the optional ability to 
have DHA reproducibly and repetitively 
inserted into and/or recovered from the 
host cells and/or organism. 
In accordance with another aspect of the 
present invention, there are provided mammalicm cells, 
wherein the genomic DMA of said cells contain at least 
one FLP recombination target site therein. 

In accordance with yet another aspect of 
15 the present invention, there are provided transgenic, 

non-human mammals> wherein said mammals contain at least 
one FLP recG5d)ination target site in the genomic DNA 
thereof. 

In accordance with yet another aspect of 
20 the presOTt invention, there is provided a method for the 
site-specific integration of transfected DMA into the 
genome of the above-described cells and/or transgenic, 
non-human mammals, said method coznprising: 

(i) contacting said genome with: 

(a) iXP recombinase, and 

(b) a first DNA comprising a 
nucleotide sequence containing 
at least one FLP recombination 
tzttget site therein; and 

30 thereafter 

(ii) maintaining the product of Step (i) 
under conditions suitable for site- 
specific integration of said DHA 
sequence to occur at the FLP 

35 recombination target ffite in said 

genome*. 
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•lo- 
in accordance with a further aspect of the 
present invention, there is provided a method for the 
analysis of the development of a mammal, ssLLd method 
con^rlsing: 

5 (a) providing a transgenic maimnal cos^rising: 

(i) an expression construct encoding FLP 
under the control of a conditional 
promoter, and 

(ii) a reporter construct under the 

10 control of the same or a different 

promoter, idierein said reporter 
construct encodes a functioned, or 
non**functional reporter gene product, 
and wherein sadd construct contains 
±5 at least one FLP recombination target 

site therein, 

wherein the functional 
egression of the functional reporter 
gene is disn^ted when said FLP 
20 recombination event occuirs, or 

therein the functional 
expression of the non-functional 
reporter gene commences when szdLd FLP 
recombination event occurs; and 
25 (b) following the development of said mammal to 

determine when expression of functional reporter gene 
product either commences or is disrupted. 

In accordance with a still further aspect 
of the present invention, there is provided a co- 
30 transfection assay FLP-mediated recombination, said assay 
comprising: 

(a) co-transf ectlng a hos^ mammalian cell with: 
(i) a FLP expression plasmid, and 
(li) a reporter plasmid comprising a 
35. r^K>rter gene inactivated by the prese nc e 
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of at least one recoinbination target site; 
and 

(b) monitoring said host cell under a variety 
of conditions for the gain of expression of functional 
5 reporter gene product. 

FLP recombinase is a protein which 
catalyzes a site-specific recombination reaction that is 
involved dLn aui^llfying the copy number of the 2/i plasmid 
of S.cerevisiae during DNA replication. FLP protein has 

10 been cloned and expressed in F.coli [see, for example, 
Cox, in proceedings of the National AcadeiDy of Sciences 
U.S.A., Vol. 80: 4223-4227 (1983) ], and has been purified 
to near homogeneity [see, for exzunple, Meyer-Lean, et 
al., in Nucleic Acids Research, Vol. 15: 6469*6488 

15 (1987)]. FLP recomblnases contes^lated for use in the 
practice of the present invention are derived from 
sfiecles of the genus Saccharbmyces. Preferred 
recombinases employed in the practice of the present 
invention axa derived from strains of Saccharomyces 

20 cerevisiae. Especially preferred recombinases en^loyed 
in the practice of the present invention are proteins 
having siibstantlally the same amino acid sequence as set 
forth in Sequence I. D. No. 2, as encoded, for example, by 
Sequence I.D. No. i, or the sequence set forth by Hartley 

25 and Donelson, Nature 860 (1980). 

The FLP recombination target site 
(sometimes referred to herein , as "FRT") has also been 
identified as minlmnlly con^rislng tva 13 base-pair 
repeats, separated by £m 8 base-pair spacer, as follows: 

30 

-Spacer- 

5 « -GAAGTTCCTATTCr TCraGAA Al Gl!ATAG<5AACTTC-3 « 
Xbal 
site 

The nucleotides in the above "spacer" region can be 
replaced with any other combination of nucleotides, so 



wo 92/15694 PCrAJS92/01899 

-X2- 

long as the two l3 base-pair repeats are separated by 8 
nucleotides* !Che actucil nucleotide sequence of the 
spacer is not critical, although those of s)cill in the 
art recognize that, for some ai^lications, it is 
5 desirable for the spacer to be asymaetric, idiile for 

other applications, a syxometrical spacer can be enployed. 
6ener2J.ly, the spacers of the FLP recombination target 
sites undergoing recombination vith one another will be 
the same. 

10 As schematically^ illustrated in Figure lA, 

contact of genomic DNA containing a FLP recombination 
target site (shown as the linear Psv-BE!EA-GAZi construct) 
with a vector containing a FLP recombination target site, 
in the presence of the protein, FLP recombinase, results 

15 in .recombination that fonts a new gencmic sequence 
wherein the vector sequences l^ve been precisely 
incorporated into the genome of the host. The reverse of 
this process is shown schematically in Figure OB, wherein 
a genomic sequence or construct containing two tandemly 

20 oriented FLP recombination target sites, upon contacting 
with FLP, is recombined md the FLP recombination target 
site-bounded fragment is excised as a circular molecule. 

Genes of Interest contemplated for use in 
the practice of the present invention can be selected 

25 from genes which provide a readily analyzable functional 
feature to the host cell and/or organism, e.g., visible 
marJcers (such as ^-galactosidase, thymidine kinase, 
tyrosinase, axid the lite) , selectable marters, (such as 
markers useful for positive and negative selection, e.g., 

30 genes for antibiotic resistance) , as well as other 
functions which alter the pheno^^pe of the recipient 
cells, and the lite. 

!Z!he first DRA exaployed in the practice of - 
the present invention can comprise emy nfucleotide 

35 sequence containing at least one FLP recombination target 
isite, which will precisely define the locus at which FLP- 
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mediated recombination will occur. The nucleotide 
sequence can comprise all or part of a gene of interest, 
as veil as other sequences not necessarily associated 
with emy )cnown gene. Optionally, for ease of later 
5 recovery of the gene of interest (in "activated" or 
modified form) , the first DNA can optionally contain a 
second FLP recombination target site. 

The second DNA eiq>loyed in the practice of 
the present invention is selected from at least a second 

10 portion of the first gene of Interest or at least a 

portion of a second gene of interest (including an intact 
form of a second gene of interest). When the second DNA ■ 
is at least a second portion of the first gene of 
interest, the site-specific recombination of the present 

15 invention may act to provide a functipnal coiobination of 
the different portions of the first gene of interest. 
Alternatively, when the second DNA is at least a portion 
of a second gene of interest, the site-specific 
recombination of the present invention may act to provider 

20 a functional hybrid gene, which produces a product which 
is not identical with either the product of the first 
gene or the second gene. As yet {mother alternative, 
when the second DNA is a portion of a second gene, the 
site-specific recombination of the present invention may 

25 act to disrupt the function of the first gene of 

interest. Based on the natxzre of the first DNA and the 
second DNA, as well as the mode- of interaction between 
the two, the site-specific interaction of the present 
invention may create or disrupt a feature \^iich is 

30 colorimetrlcally. detectable, immunologically detect£a>le, 
genetically detectable, emd the liXe. 

In accordance with the present invention, 
assembly of a functional eacpression unit is achieved in 
any of a variety of ways, e.g., by association of the 

35 gene pf interetst with a functional promoter, by assembly 
of common gene fragments to produce a complete functional 
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gene (which, in combination with its promoter, comprises \ 
a functional expression unit) > or assembly diverse 
gene fragments from diverse soiirces to produce a 
functional, hybrid gene (which, in combination with a 
5 promoter, comprises a functional escpression unit), and 
the liJce. Upon assembly of a functional expression unit 
as described herein, expression of the functional gene to 
produce a protein product can be activated in the usual 
manner. In the absence of FLP-mediated recombination, 

10 activation of expression, would fail to produce a 
functional protein product. 

In accordance with the present invention, 
dis-assembly of a functional expression unit is achieved 
in any of a variety of ways, e.g., by dis-associating the 

15 gene of interest from a functional promoter, by dis- 
assembly (e.g., disruption) of the functional gene (e*g., 
by introduction of DNA ^^ch renders the entire sequence 
non-functional), by removal of a substantial portion of 
the coding region of said gene, zmd the like. Upon dis- 

20 assembly of a functional expression unit as described 
herein, expression of the functional gene product under 
the conditions required prior to gene dis-assembly is no 
longer possible. The ability of the esqpression unit to 
be activated for esqpresslon has therefore been disrupted. 

25 The gene in this situation can be sed.d to be inactivated, 
since activation of expression is not possible. 

Individually inactive gene segments 
contemplated for use in the practice of the present 
invention are fragments which, alone, do not encode 

30 functioned: products. Such fragments can be derived from 
a first gene of interest alone, or from both a first and 
second gene of interest fragments. 

When gene ihactivation is desired, the 
gene of interest can be disrupted with a DNA fragment 

35 which .throws the gene of interest out of reading firame 

(e.g., an Insert wherein the number of nucleotides is not 
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a zmiltlple of 3) • Alternatively, the gene of interest 
can be disrupted with a fragment ^ich encodes a segment 
which is sx2bstantially dissimilar with the gene of 
interest so as to render the resulting product non- 
5 functional. As yet wother alternative, the gene of 

interest Ccin be disrupted so as to dis-associate the gene 
of interest from the trzmscriptional control of the 
promoter with which it is normally associated. 

The introduction of DNA, e.g., DNA 
10 encoding FLP recombination target sites, into the genome 
of target cells can be accomplished eiq>loying standsord 
techniques, e.g., transfection, microinjection, 
electroporation, infection with retroviral vectors, and 
the like. 

15 Introduction of protein, e.g., FIiP 

recombinase protein, to host cells zmd/or organisms can 
be accos^lished by standtml techniques, such as for 
exaz^le, injection or microinjection, transfection with 
nucleotide sequences encoding FLP, and the like. 

20 When enqployed. for gene therapy of 2m 

intact organism, introduction of tremsgenic cells into 
the subject is accomplished by stzuidard techniques, such 
as for example, grafting, implantation, and the like. 

Mammalian cells contemplated for use in 

25 the practice of the present invention include all members 
of the order Mammalia, such as, for example, human cells, 
mouse cells, rat ceils, monkey cells, hamster cells, and 
the like. 

Host organisms contenqplated for use in the 
30 practice of the present invention include each of the 
organism types mentioned above, with the proviso, 
however, that no claim is made to genetically modified 
human hosts (although the present invention conten^lates. 
methods for the treatment of humans) . 
35 Once FLP rebombinase (or DHA encoding 

same) and DNA containing at least one FLP recombination 
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target site have been Introduced into suitable host 
cells/organians, the cells/host organisms are maintained 
under conditions suitable for the site-specific = 
recombination of DKA. Such conditions generally involve j 
5 conditions required for the viability of the host cell or 
organism. For in vitro manipulations, conditions 
eii5>loyed typically involve low concentrations of a j 
variety of buffers having a pH of between about 5-9 and j 
ionic strengths in the range of about 50-350 mM. See, | 

10 for example, Senecoff, et al.,' in Journal of Molecular 
Biology , Vol. 2fll: 405-421 (1988). 

In accordance with a particular Eispect of 
the present invention, a co-transfection assay has been 
developed \i^ch can be used to characterize FLP-mediated 

15 recombination of eattrachromosomal DNA in a variety of 

cell lines. Cells are co-transfected with an expression 
construct and a "re^rter" plasmid that is a substrate 
for the recambin£ise. !rhe ea^ression construct encodes a 
FLP recombinase p3rotein« !Che reporter plzismid encodes 

20 either a functional ireporter gene containing at least one 
recombination target site therein, or a non-functionaJ. 
reporter gene containing at least one recombination 
target site therein. Upon egression of FLP by the. 
es^ression constacuct, the functioned, reporter gene will 

25 be rendered npii-functional, or the non-functional 

reporter gene will be rendered functional. Thus, the 
activity of the expression construct can be assayed 
either by recovering the reporter plasmid £md loolcing for 
evidence of recombination at the DNA level, or by 

30 preparing cytoplasmic extracts and looking for evidence 
of recoanbination at the protein level (i.e. , by 
measuring the^ egression of reporter ge^ie activity 
generated by thB recombined reporter) . Such assays are 
described in greater, detail in Earample 1 below. 
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The Invention will now be described in 
greater detail by reference to the following non-limiting 
examples. 

5 EXAMPLES 

EaouDple 1 
Co-transf ection Assays 

iO Bxe co-transf ection assay used to 

characterize FliP-j&ediated recombination of 
extrachromosomal DNA involved transfection of cells with 
an expression construct and a "reporter** plasmid that was 
a substrate for the recombinase. The activity of the 

15 expression construct could be assayed either by 

recovering the reporter plasmid and looking for molecular 
evidence of recombination at the DNA level, or by 
preparing cytoplasmic extracts and loolcing for evidence 
of recombination at the protein level (i,e., by meeisuring 

20 ^-galactosidase activity generated by recombined 
reporter) • 

The piXSOfiGAL reporter plasmid used for 
these assjays was derived from pFRT^GAL (Pig. 2A) . In the 
Figure, half-arrows indicate positions of FLP 

25 recombination target (FRT) sites; E and S designate EcoRI 
and Seal restriction sites, respectively; Psv designates 
early promoter, from SV40; BETA-GAL designates the /?- 
galactosidase structural sequence; NEO designates 
neomycin expression cassette; Pcmv designates the 

30 cytomegalovirus immediate early promoter; IN designates 
an intron; FLP designates a FLP coding sequence; AN 
designates em SV40 adenylation cassette; thin lines 
represent vector sequences; and the sizes of restriction 
fragments are indicated in )d>. 

35 pFRT^GAL contains a version of the 

bacterial ^-galactosidase sequence modified, by insertion 
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of a FLP recombination target site, or FRT, witlxin the 
protein coding sequence ijnmediately 3' to the 
translational start. The oligonucleotide used for the 
construction of pFTpRGKL was: 

5 

5 1 H?ATy*^^'^^sr!nrTAgai'PgGA • GAAGTTCCTATTC • CGAAGTTCCTATTC 
fTCTAGA) AAgniTAGGAACTTC &-3 < . 

This oligonucleotide contains an in-frame start codon, 
10 minimal FRT site, and an additional copy of the 13-bp FRT 
repeat [•XXX*]? the Xbal site within the FRT spacer is 
enclosed in parentheses. fHie linker was inserted between 
the BamHI and Hindin sites of pSKSlOS (M.J. Casadaban, 
A. Martin-Arias, S.K. Shapira, and J. Chou, MeOLEmynuO^ 
15 100, 293 (1983)) euld the LacZ portion of modified gene 
wEis cloned into a pSV2 vector. The neomycin Ccissette 
used for construction of pNBO^GAL was an Xhol to BaniHI 
fragment from pMClneo-polyA (K. Thomas and M. Capecchi, 
Cfeil 51:503 (1987)) cloned between copies of the J3 EEO? 
20 site in pUCl9. 

The FRT consists of two inverted 13 -base- 
pair (bp) repeats and ah 8-bp spacer that together 
conqprise the m^ii^Tnai fRT site, plus an additionzO. 13-bp 
repeat \^ch may augment reactivity of the minimal 

25 substrate. The fl-galactosidase translational reading 
frame was preserved upon insertion of the FRT site, and 
the resulting plasmid, . pFRT^GAL, generated robust 
activity in manmalizui cells (Table 1) . 

pNEOi^GAL was constructed by cutting 

30 pFRT^GAL in the middle of the FJCP site with Xbal and then 
inserting an Xbsil fragment consisting of two half-FRT 
sites flan]cing a neonqfciri traniscription unit. This 
created intact FRTs on either side of the neomycin 
cassette and rendered the ^-galactosidase transcription 

35 tmit inactive (Table 1) . Precise FLP-mediated 

recombination of the FRTs caused the esccission of the 
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neomycin cassette, recreated the parental pFRT^GAL 
plasnld, and restored i?-galactosldase expression. 

Co-transf ection of cells with a fixed- 
amount of pNEO/JGAL reporter plasmid and increasing 
5 amotints of the pOG44 FLP eaqpression vector generated 
increasing amounts of recombined reporter plasmid and 
consequently. Increased levels of >-galactosidase 
activity. Molecular evidence for FLP-mediated 
recombination was obtained by recovering plasmids 36 
10 hours after transf ection, followed by endonuclease 

treatment (with EcoKI and Seal) and Southern blotting 
(see Fig. 2B; en^loying as a probe the fragment of 
pFKP^GAL indicated at the top of Fig. 2A) . Lysates of 
cells from cotransfectlons that included the pOG44 FLP 
15 expression vector showed a signal at 5.6 kb, the position 
at which recombined reporter (equivalent to pFRTyJGAL) 
would run, and a 3.2 kb signal that was generated by 
unrecomblned pHEO^GAL reporter (Fig. 2A) . The 5.6 kb 
band intensity was proportional to the amount of FLP 
20 expression plasmid Included in the transf ection. The 5.6 
kb band was not seen lii cotransfectlons in which a non- 
FLP plasmid was substituted for the FLP expression vector 
(Fig. 2B) or in tr;ansfections that contained only pOG44. 
(and no reporter plasmid) . pOG44 generated additional 
25 signals at 2.2 kb and 2.8 kb because the plasmid used in 
its construction contained EcoRl and EcoiRl-Scal fragments 
of such length. 

p0644 consists of the cytomegalovirus 
immediate early promoter from pCDMS [see Aruffo and Seed 

30 In Proc. Katl Acad. Scl. , USA M: 8573 (1987)], a 5» 

leader sequence and synthetic inliron from pHLSIScat [see 
Huang and Gorman In Nucl. Adds Res. 18: 937 (1990) ], the 
FLP coding sequence (bp 5568-6318 and 1-626 of the 2/01 
circle, [see Hartley and Donelson, Nature ^fifis 860 

35 (1980)] and the sy40 late regloit polyadenylatlon signal 
from pMLSIScat. The following silent nucleotide 
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substitutions were introduced into the structural FLP 
sequence using the polymerase chaoji reaction: C for T at 
position 5791, G for A at 5794, G for C at 5800, C for T 
at 55, G for A at 58, and C for T at 103. These changes 
5 eliminated three cannpnical AATAAA polyadenylation 

signals and introduced a PstI restriction site without 
altering the amino acid sequence encoded by the 
nucleotide sec[uence. p0628 consists of a murine cDHA for 
dihydrof olate reduct2ise cloned into pCDM8 (Aruf f o and 
10 Seed, suDira) . 

Xn the same samples, ^-galactosidase 
activity W2is also proportional to the amount of FLP 
e3q)ression plasmid included (Fig. 2C) • Only background 
activities were observed in cotransf ections that included 

15 a non-FLP control plasmid (Table 1) or when pOG44 alone 
was trazisfected. The esqperiment thus provides both 
molecular and bionhemical evidence for precise FLP- 
mediated recombination in mammalian cells. 

Table 1 presents ^-galactosidase 

20 activities in cotrcmsfection assays of 293, CV-1, and F-9 
cells. Positive control transf ections (pFRT^GAL) 
included 1 ftq of pFRTj?iGAL and 18 /ig of the pOG28 non-FLP 
control plasmid; negative control transf ections 
(pSEOPGAL) included 1 /ig of pNEO^GAL and 18 fig of the 

25 pOG28; and experimenteil transf ections (pHEO^GAL + FLP) 
contained 1 /ig of pN^^GAL and 18 fig of the pOG44 FLP 
esqpression plasmid (Fig. lA). The column headed by 
shows the pNBOfiGXL + FLP values as a percentage of the 
pFRT^G&ii positive control. Each value represents the 

30 mean for six plates from two experiments, standzurd 
errors are in pzurentheses. Neither pOG28 nor p0644 
generated ^-ge^^actosidase activity when transf ected 
alone. All transf ections contained 1 fig qt pRSVL [de Wet 
et al.. Hoi* Cell. Biol. 2: 725 (1987) J to correct J9- 

35 galactodidase activities for relative trans fectlon 
efficiencies . 
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Siibconflueht cultures of cells In 10 cm 
dishes and grown in Dulbecco's modified Eagle's medium 
(DUEM) and 5* calf serum were transf ected by overnight 
, eseposure to calcium phosphate precipitates [Graham et 
5 al.. Virology 1S:59 (1979)] and then split 1:4. Aft^ 24 
hours incubation, one plate of each transf ection was 
harvested by Hirt extraction [Ji Mol Biol, 2fi:365 (1967)] 
and a second plate was used to prepare cytoplasmic 
extracts [de Wet et al., flipial. Approximately 5* of the 

10 DMA recovered from single plates was used for Southern 
analyses* i^-galactosidase assays were performed as 
described by Hall et al., in J. Mol. Appl. Genet. i:l01 
(1983)]. Luciferase activities generated by the 
inclusion of 1 fig of pRSVL (de Wet et al., sunra l in all 

15 transf actions were used to correct ^-galactosidase 

activities for relative transf ection efficiencies. The 
eacperiment was repeated twice with similar results. 

TABLE 1: )9-GAIACT0SinASB ACTIVITIES (UNITS/ MG PROTEIN) 
20 IN CX)TRANSFEdTED CELLS 



25 



35 



CELL UNB TRANSFECTIONS 



pFRTi9GAIi I>NBO^GAL pNEO^GAL 

+ FLP 



30 293 30.4 (1.9) 0.17 (0.02) 14.2 (2.2) 47 

CV-l 275 (25) 0.33 (0.06) 22.6 (1.2) 8 

24.8 (4.3) 0.04 (0.01) 1.88 (0i02) 8 



Ftp activity has also been demonstrated in 
monXey Jcidney (CV-1) and mouse embryonal carcinoma (P9) 
40 cells. In Table 1, the i5-galactosidase activity in the 
"pFRT^jSAL" transf ections represents an estimate of the 
expression esqpected if all the pNEO^GAL in a co- 
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'kransfectxon were isdnedia^ely recombined. Tbe highest j?- 
galactosidase eacpression in co-transfections employing 
PHE0/9G&L plus p0644, relative ta pFRT^G&L transfected 
cclLLs, was 47%, seen in 293 cells. This is a remarkable 
5 level considering that )r-galactbsidase esquression 

required both FLP esqpression, followed by recombi nation 
of pNEO^G&Ii, to produce a construct capable of es^ressing 
^r-galactosidase* Co-transfections of C7-1 and F9 cells 
generated 8% of the activity seen in the pFRT^SGAIr 
10 transfections. Even at this lover relative activity, 
cotransfected cells vere readily observed in 
histochemiczd. reactions for ^-gj^actosidase activity. 

15 . Example 2 

FLP-»ediated Removal of Intervening Sequences 

If the invention method is to be widely 
applicable, for example for gene activation in transgenic 

20 mammals, the abili^ of FLP to faithfully promote precise 
T- *>r!nnmVi-f r%79^A an at FLP recpstbination target sites contained 
in the mammalian genome is required* Such sQ^ility is 
demonstrated in this example. 

Cell lines that contain single integrated 

25 copies of pNEOi?GAL (designated CVMSO^GAI/S) wi^e produced 
by transfecting CY-1 c^ls with linearized plasmid by 
electrcporation, then isolated by selecting G418- 
resistant (6418^) transf ectants that stably ejqpressed the 
neomycin cassette, and finally identifying single copy 

30 lines by Sfouthem blot analyses (Pig. 3).. As previouisly 
shown for other iixtegrated constructs with simileurly 
short direct repeats, the cfaramosomzd. FRTs did not 
spontaneously recooblne (in the absence of FLP) to 
produce a /i-galactosidase-positive (^GAL*) phenot^fpe at 

35 detectable frequencies (Table 2} • 
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Transient e3q>reB8ion of FLP in the 
CTNEOfiGMj/E, lines (by transiently transfecting with the 
pOG44 FLP eicpression vector) promoted a rapid conversion 
to a pGM^ phenotype. When five different lines were 
5 treinsiently transfected vith the pC>644 FLP expression 
vector, )3-galjactosidasd activities at 36 hours were 40 to 
100-fold higher than those seen in replicate plates 
transfected vith a non-FLP plasmid (Table 2) . At 48 
hours after transf ection histocfaemical processing shoved 

10 many positive cells (Table !)• 

Table 2 presents the ^^alactosidase 
phenptypes of CVN£0/iGAI/E 'lines, vhich contain a single 
copy of the )9-galactosidase inactive reporter, pIIEO;96AL, 
after transf ection vith FLP expression (pOG44} , non-FLP 

15 negative control (pOG28) or i9-galactosidase positive 

control (pFPTfiGKL) plasoids. The pFBT^GAL transf ections 
included iMg Of pFBTpo^ and 19Mg of p0644; bther mixes 
contained 20/ig of the iiuiicated plasmid. ^P-galactosidase 
activities are mean values for triplicate transf ections 

20 performed as described for Fig. 2 and assayed 36 hours 
after removal of precipitates? standzurd errors for the 
p0644 transfections vere less than 10% of the mean. The 
percent positive vets determined by scoring more than 10^ 
cells after transf ection and hlstochemical processing as 

25 described by de Wet et al., sunrq . ^ 



WO»2/15694 



PCrAJES92/01899 



-24- 
TABLE 2 

/?-GAIACTOSXDASE FBEKOTTPES OF 
TRANSFECTBD CVMEO^GAL CELL LINES 

5 ~ '' - '. ' ' ^ 

ngT.T, ACTIVITIES PERCENT POSITIVE 

LINE (tmits/mg protein) 





p0628 


pOG44 


pOG28 


pFRT^G&L 


p0644 


£6 


0.24 


11.2 




8.7 


6.1 


E25 


0.21 


16.7 


Of 


17.1 


12.4 


E26 


0.18 


7.2 


Of 


19>5 


15.4 


£14 


0.28 


13.1 


ND 


ND 


ND 


E22 


0.09 


9.6 


ND 


ND 


ND 



fNo positive cells were found among >10 cells examined. 
20 ND: Not done. 



To provide some estimate of the efficiency 

25 of recGoobination, an additional set of replicate plates 
were transf ected with the pFKEpGkL ^-galactosidase 
expression vector. Comparing the fractions of cells that 
were pGAhh in the pFRT^G^ and in the p0644 transf ections 
(assuming similar transf ection efficiencies) suggests 

30 that most (70-80%) of the cells transf ^cted with p0644 
were converted to a )7G&L^ phenotype (Table 2). The 
coH^>arison imdoubtedly underestimates the efficiency of 
FLP-mediated excision, ifhereas many copies of a 
functional i9*galactosidase gene were avzdlable for 

35 immediate transcription in the positive controls, 

recombination may have occurred shortly before harvest in 
some PPG44 -transf ected cells. In these cases the single 
recombined r^>orter gene may not have generated enoug^ 
^-galactosidase by the time of harvest to render the 

40 cells positive in this eissay. 
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The ^GAL* phenotypa was passed on to all 
descendents of many FLP-converted cells. Positivai 
colonies were formed during prolonged e^xpansion of 
individual colonies. Entirely negative colonies and 
5 mixed colonies were also observed. Mixed colonies would 
be expected if recombination occurred after mitosiis in 
only one descendant of a transf acted cell, or if 
recombined euid unrecombined cells mixed at replating or 
during subsequent growth. Indeed, the physical 

10 segregation of phenotypest evident in most mixed colonies 
suggested that they were composed of stably positive and 
negative lineages. 

The correlation between /9-galactosidase 
expression and recombination at FRT sites was examined by 

15 comparing the structure of the integrated pNEp^GAL 

sequences in two fiGM^ subclones to the parental line. 
CVM£Oi9GAVE25 (106) cells were transfected with the pOG44 
FLP expression vector and subcloned 12 hotirs after 
removal of the precipitate. After histocfaemical 

20 screening, two ^GAlT subclones (E25B1 and E25B2) were 
expanded for further analysis. In Southern blots of 
genomic DNA from both subclones, tha pattern of 
hybridization matched that eaqpected for FLP-mediated 
recoxobination of the FRT sites in the pareiitea line (Fig. 

25 3) . Khila recombination products have not been recovered 
and sequenced, these Southern analyses and the. fact that 
activation of ^-galactosidase expression required 
creation of a functional translationza reading frame 
indicate that FLPrmediated recombination was precise* 



30 
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Bxasiple a 
FIP Mediated Recombination of FKP 
on an Extrachrosiosoinal Molecule With a 
Chromosomally Integrated FRT 

5 

. Reversal of the process described in . the 
previous Exai^le, i.e., the FEP-med i ated recombination of 
cin FRT site on a plasmid with a chromosom£d.ly integrated 
FRT site, can be used to target the integration of 

10 transfected plasmids to specific genomic sites. To 
determine the frequency at trtiicfa this occurs, 6418- 
sensitive, ^GAL^ E25B2 cells were co-trahsfected with the 
P0G44 FLP escpression vector and a plasmid, p0645, that 
contained a neomycin resistsuice gene ej^ression cassette 

15 and a single FKP. pOG4S consisted of the neomycin 

resistance cassette and 3 * FRT from pNE0i96AL cloned into 
pnci9. 8 X 10^ cmEOfiGhL cells vere transfected by 
electroporation in 800 Ml of szOine containing 40 ^9 
p0644 and 0.1 ji? of either p0645 or, for a negative 

20 control, pOG45A (which was derived from pCX;45 by deleting 
a 200 bp fragment cont2Lining the FRT) . 

6418*^ subclones (designated B2N) from three 
transfections that had stably integrated pOG4 5 were 
histochemically stained for /i-galactosidase activity and 

25 more than (104 of 158, or '66%) were either entirely 

^-galactosidase-negative {fiGKL) or predominantly pGAL 
with a few clusters of ^GAL^ cells. The remaining 
colonies were ^GAl/'. With continued passage as dispersed 
monolayers, the fraction of ^GmT cells in the mosaic 

30 lines zrapidly diminished. This suggested they were 6418* 
sensitive cells that initially survived because of their 
proxixoity to z^istant cells; this was confirmed by 
reconstitution esq^eriments. All of the 55 colonies 
formed after parallel co-transfections of pOG44 and a 

35 derivative of p0645 (p0645A) that lacked an FRT were 
PGAL*. > 
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Tha correlation between loss of 
iS-galactosldase activity and recombination between 
plasmid and chromosomal FRTs was examined in Southern 
analyses. Because the FRT and neomycin cassette of pOG45 
5 were derived from the necHsycin cassette and 3» FRT of 

pNEO^GAL (Fig. 2A) , recraibination of the plasmid FRT with 
the K25B2 chromosomal FRT regenerates the 3.2 kb EcoRI 
fragment of the originea anXE0pGAIj/E25 parent. 
Additionally, the 8.5 kb junctional fragment of 

10 CVNE0^tGAI/B25 shifts to 12.0 Kb because pOG45 is 3.5 kb 
larger than the neomycin cassette of pNEO^SGAIi. The 3.2 
kb EcpRI fragment and the 8.5 kb junctionzO. fragment were 
observed in each of the 10 cell lines analyzed after 
initial histochemical classification as fiGKL or mosaic, 

15 as shown for two such lines in Fig. 33. In contrast, 
e&ch of the four ^GAIH- colonies examined by Southern 
analyses showed that pOG45 had integrated at a random 
site. 

These data show that FI>P-mediated 

20 recombination will target the integration of transf ected 
DMA to a specific chromosomal site at frequencies that 
exceed those of random integration, imd that the event 
can be marked by the alteration in gene activity at the 
target site. The efficiency of targeted integration can 

25 be increased by standzu^i optimization techniques, such as. 
for exasqole, by using ratios of the integrating plasmid 
and FLP expression vectors different from the single 
ratio mixture used here, or by using FRT mutations in the 
plasmid and chromosaiaal sites to decrease the frequency 

30 with \rtiich successfully integrated plasmids are 
subsequently excised. 

Khile the invention has been described in 
detail trith reference to certain preferred embodiments 
thereof, it will be understood that modifications and 

35 variations are within the spirit and scope of that which 
is described and claimed. 
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SUMMARY OF SEQX7ENCES 

Sec[uence I.D. Ho. 1 is the approximately 
1450 beise*pair seqnience encoding a FLP recosibinase 
5 conten^lated for use in the practice of the present 
invention, as veil as the amino acid sequence deduced 
therefrom. 

Sequence I.D. No. 2 is the amino acid 
sequence deduced from the nucleotide sequence of Sequence 
10 ID No. 1. 
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SEQDENCE LISTING 



(I) GENERAL INFORMATION: 



(1) 



AFFUCANX: UAHL, D&, GEOFFREY H 

O'GQRMAN DR, STEFHEN V 



(11) 




(111) 



NUMBER OF SEQUENCES: 2 



(Iv) GORRE5FQNDE3ICE ADDRESS: 

(A) ADDRESSEE: FITCH» EVEN, TABIN & FLANNERY 

(B) STREET: 135 Sout^ LaSalle Street, Suite 510 

(C) GITT: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIF: 60603 

(v) COMFUTER RFADABLB FORM: 

(A) ME DIUM T YFE: Floppy disk 

(B) COMFUTER: IBM FC coapatible 

(C) OFERATINC SYSTEM: FC-DOS/MS -DOS 

(D) SOFTWARE: Fstentin Release #1;0. Version #1.25 

(vi) CUmENT AFFUCATIDN DATA: 

(A) AFFUCAnON NUMBER: US 

(B) . FILING DATE: 

(C) CLASSIFICATION: 

ill) ATTORHEY/AGE HT IN FORMATION: 

(A) NAME: REITER MR, STEFHEN E 

(B) REGIS TRATION NUM BER: 31192 

(C) REFERENCE/DOCKET NUMBER: 50730 N 

(ix) TELECOMMUNICATION INFORMATION: 
(A> TELEFHONB: (619) 552-1311 

(B) TELEFAX: (619) 552-0095 

(C) TELEX: 20 6566 jPATLAff OGO 
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(2) INPORM&TIQN POR SEQ ID N0:1: 

(i) SEqfDENCE GSARACTERISTICS : 

(A) -LEKGIH: 1380 base pairs 

(B) 1YP£: xmcleic acid 

(C) STHAHDEDHESS: single 

(D) TOPOLOCT: linear 

(li) UOLECDUE TYPE: 019A (genomic) 

(vli) TMHKPTATE SODRCE: 

(B) cum: NATIVE FLP 

(ix) FEATURE: 

(A) KAME/KEST: CDiS 

(B) LOCmOH: 1..1269 

(xi) SEQOEHCB DESCRIPTIQN: SBQ ID nO:l: 

AT6 CCA CAA TTT GAT AXA TIA TGT AAA ACA CCA CCT AAG GIG CIT CIT 48 
Het Pro Gin Phe Asp He Leu Cys Lys T&r Pro Pro Lys Val Leu Val 
1 5 10 15 



CGTGAGTTXGTGGAAAGGTXTGAA AGA CCT TCA GGX GAG AAA AXA GCA 96 
Arg Gin Phe Val Glu Arg Phe Glu Arg Pro Ser Gly Glu Lys He Ala 
20 25 30 



TTA T6X GGI GCT GAA CIA ACC X&T TIA TGT TG6 AT6 ATT ACA CAT AAC 144 
Leu Cys Ala Ala Glu Leu Tbr TVr Lea Cys Trp Met He Thr His Asn 
35 ' 40 45 

GGA AGA GCA A7C AAG AGA GCC ACA TIC ATG AGC TAT AAT ACT ATC ATA 192 
Gly Thr Ala He Lys Arg Ala Thr Phe Ket Ser Tyr Asn thr He He 
50 55 60 

AGC AAX TCG CTG AGT TTG GAT ATT GTC AAT AAA TCA CTG CA6 TTT AAA 240 
Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 .70 75 80 

TAG AAG AC6 GAA AAA GCA ACA ATT CIG GAA GCC TCA TTA AA6 AAA TTG 288 
Tyr Lys Thr Gin Lys Ala Thr He Leu Glu Ala Ser Leu Lys Lys Leu 
85 90 95 

ATT CCT GCT TGG GAA TTT ACA ATT ATT CCT lAC TAT GGA CAA AAA CAT 336 
He Pro Ala Trp Glu Hie Thr He He Pro Tyr Tyr Gly Gin Lys His 
„ 100 105 HO 

CAA TCT GAT ATC ACT GAT ATT GTA AGT AGX TIG CAA TTA CAG TTG GAA 384 
Gin Ser Asp He Thr Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
115 120 125 

TCA TCG GAA GAA GCA GAT AAG GGA AAT AGC CAC AGT AAA AAA ATG CTT 432 
Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Ket Leu 
130 135 140 

AAA GCA CXT CIA AGT GAG GGT GAA AGC ATC TGG GAG ATC ACT GAG AAA 480 
Lys Ala Leu Lea Ser Glu Gly Glu Ser He Trp Glu He Thr Glu Lys 
145 150 155 160 
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AtA CTA AAT to; TTT GAG TAT ACT TCG AGA m ACA AAA ACA AM 
lie Leu Asn Ser Phe Glu Tyr Thr Ser Are Pbe Thr Lys Thr Lys Thr 

170 i>5 

TTA TAG CAA TTC CTC TTC CTA GOT ACT TTC ATC AAT TGT GGA AGA TTC 
Uu Tyr Gin Phe Leu Phe Leu Ala Tte Phe He Asn Cya Gl^ Arg Phe 

AGC GAT ATT AAG AAC GTT GAT CCG AAA TCA TTT AAA TTA GTC CAA AAT 
Ser Asp lie Lys Asn Val Asp Pro Lys Ser Phe Lys Leu Val Gin Asn 
195 200 205 

AAGTATCTGGGAGTAAIAATCCAGTGTTTAGT6ACAGAGACAAAGACA 
Lys Tyr Leu Gly Val He He Gin Cys Uu Val Thr Glu Thr Lys Thr 
210 215 220 

AGC GTT ACT AGC CAC AlA TAG TTC TTT AGC GCA AGC GCT ACG ATC GAT 
Ser Val Ser Arg His 11; Tyr Phe Phe Ser Ala Arg Gly Arg Ha Asp 
225 230 235 240 

CCA CTT GTA TAT TTG GAT GAA TTT TTG AGG AAT TGT 6AA CCA GTC CTA 
Pro Uu Val Tyr Uu Asp Glu Phe Uu Arg Asn Ser Glu Pro Val Uu 
245 250 255 

AAAOGAGtAAATAGGACCGGCAATtCTTCAACCAATAAACAGGAATAC 
Lys Arg Val Asn Arg Thr Gly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 270 

CAATTATTAAAAGATAACTTAGTCAGATCGTACAATAAAGCTTTGAAG 
Gin Uu Uu Lys Asp Asn Uu Val Arg Ser Tyr Asn Ljs Ala.Uu Lys 

AAA AAT GCG QCT TM TCA ATC TTTCGTAIAAAAAATGGCCCAAAATCT 
290 ^ 295 ^ ^ 



300 



CAG Ap GGA AGA CAT TTG ATGACCTCATTTCTTTCAATGAAGGGCCTA 
His He Gly Arg His Uu Ket Thr Ser Phe Uu Ser Met Lys Gly Uu 
305 310 315 320 

ACG GAG TTG ACT AAT GTT GTG GGA AAT TGG AGC GAT AAG CGT GCT TCT 
Thr Glu Uu Thr Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 
325 330 335 

OCC GTG GCC AGG ACA ACG TAT ACT CAT GAG ATA ACA CCA AT^ 
Ala Val Ala ^ Thr Thr Tyr Thr His Gin He Thr Ala Ho Pro Asp 



350 



CACTACTTCCCACIACTTTCTCCCTACTATGCATATGAXCCA ATA TCA 
His Tyr Phe Ala Uu Val Sex Arg Tyr Tyr Ala Tyr Asp Pro He Ser 

^65 

AAG GAA ATG ATA GCA TTG AAG GAT GAG ACT AAT CCA ATT GAG GAG TGG 
Lys Glu Met He Ala Uu Lys Asp Glu Thr Asn Pro He Glu Glu Trp 
370 375 . 380 

CAG CAT ATA GAA GAG CTA AAG CGT ACT GCT GAA GGA AG^ 

Gin His He Glu Gin Leu Lys Gly Ser Ala Glu Gly Ser He Are Tyr 

385 390 395 400 



528 



576 



624 



672 



720. 



768 



816 



864 



912 



960 



1008 



1056 



1104 



1152 



1200 
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CCC 6CA TG6 AAT 6G6 AX^ AIA TCA. CAG GAG 6XA CTA GAG TAG CTT TCA 1248 
Pro Ala Trp Asn Cly lie Ilo Ser Gin Glu Vol Leu Asp Tyr Leu Ser 
*^ 405 410 415 

TCG TAG AIA AAT AGA GGC ATA T&AGTACGCA TTTAAGCATA AACACGCACT 1299 
Ser Tyr lie Asn Are Are He 

■ 420 

ATGGCGrrCT TdCAIGTAX ATAIAIATAG AGGCAACACG CAGATATAGG TGCGACGT6A 1359 
ACAGTGA6CT GTftlGTGCGC A 1380 

(2) immiiXim for SEQ id Hd:2: 

(1) SEqfDEHCE GBARACTERISTICS: 

(A) LERGTH: 423 amino acids 

(B) TYPK: anino acid 
(D) TOPOLOGT: linear 

(11) HOLECDLS TXPE: protein 

(3ci) SBQOEErCE DESGRXPnOH: SEQ ID 50:2: 

Het Pro Gin Phe Asp He Leu Cys Lys Ibr Pro Pro Lys Val Leu Val 
1 5 ^10 15 

Are Gin Phe Val Glu Arg Fhe Glu Are Pro Ser Gly Glu Lys He Ala 
20 25 30 

Leu Cys Ala aIji glu Leu Thr Tyr Leu Cys Trp Het He Thr His Asn 
^ 35 ' 40 45 

Gly Thr Ala Ha Lys Are Ala Thr ThB Het Ser Tyr Ash Thr He He 
50 55 60 

Ser Asn Ser Leu Ser Phe Asp He Val Asn Lys Ser Leu Gin Phe Lys 
65 70 75 80 

Tvr Lys Thr Gin Lys Al^ ihr He Leu Glu Ala Ser Leu Lys Lys Leu 
B5 90 95 

He Pro Ala Trp Glu Phe Thr He He Pro Tyr Tyr Gly Gin Lys His 
100 105 110 

Gin Ser Asp He Thr Asp He Val Ser Ser Leu Gin Leu Gin Phe Glu 
llB 120 125 

Ser Ser Glu Glu Ala Asp Lys Gly Asn Ser His Ser Lys Lys Het Leu 
130 S5 140 

Lys Ala Leu Leu Ser Glu Gly Glu Ser He Trp Glu He Ihr Glu Lys 
Ss 150 155 160 

He Leu Asn Ser Phe Glu Tyr Thr Ser Are Ihe Thr Lys Thr Lys Thr 
165 ■ 170 175 

Leu Tyr Gin Phe Leu Hie Leu Ala Thr Phe He Asn Cys Gly Arg Phe 
180 185 190 
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Ser Asp lie Lys Asn Val Asp Pro Lys Ser Fbe hys Leu Val Gin Asn 
195 200 205 

Lys TVr Leu 61y Val lie lie Gin Cys Leu Val Thr Glu Ihr Lys Thr 
210 215 220 



Ser Val Ser Arg His lie Tyr Fhe Fbe Ser Ala Arg Gly Arg lie 



225 



230 



235 



Asp 
240 



Pro Leu Val Tyr Leu Asp Glu Phe Leu Arg Asn Ser Glu Pro Val Leu 
245 250 255 

Lys Arg Val Asn Arg Thr Gly Asn Ser Ser Ser Asn Lys Gin Glu Tyr 
260 265 270 

Gin Leu Leu Lys Asp Asn Leu Val Arg Ser Tyr Asn Lys Ala Leu Lys 
275 2S0 285 

Lys Asn Ala Pro Tyr Ser lie Phe Ala lie Lys Asn Gly Pro Lys Ser 
290 295 300 

His lie Gly Arg His Leu Met Thr Ser Fhe Leu Ser Met Lys Gly Leu 
305 310 315 320 

Thr Glu Leu Thr Asn Val Val Gly Asn Trp Ser Asp Lys Arg Ala Ser 
325 330 33S 

Ala Val Ala Arg Thr Thr TVr Thr His Gin lie Thr Ala lie Pro Asp 
340 345 350 

His TVr Phe Ala Leu Val Ser Arg Tyr Tyr Ala Tyr Asp Pro lie Ser 
355 360 365 

Lys Glu Met lie Ala Leu Lys Asp Glu Thr Asn Pro lie Glu Glu Trp 
370 375 380 

61n His lie Glu Gin Lau Lys Gly Ser Ala Glu Gly Ser He Arg 
385 390 395 

Pro Ala Trp Asn Gly He He Ser Gin Glu Val Leu Asp Tyr Leu Ser 
405 410 415 

Ser Tyr lie Asn Arg Arg He \ 
420 ^ 
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CTAT WHICH IS CT.ATMKD IS: 

1. A tnaTtimaiian reconblnatlon system 
coisprising: 

(1) FLP recombinase, or a nucleotide sequence 
encoding sane, and 

(ii) a first DMA coxDprising a nucleotide 
sequence containing at least one FLP 
recombination target site therein. 



2. A recombination system according to Cledm 1 
further comprising: 

(iii) a second DHA, herein said second 

DKA is selected from: 
IS (a) at least a second portion of said 

first gene of interest, or 
(b) at least a portion of a second gene 
of interest; 

wherein said second DKA contains at least one FLP 
20 recombination target site; and herein said second DHA, 
combined in reading frame with said first DHA, 
provides a functional gene. 

3 * A recombination system according to claim 2 
25 vheredh said second DHA comprises an additioneJ. portion 
of said first gene of interest. 

4. A recombination system according to Claim 2 
vherein s£d.d. second DHA coggprlses at lieast a portion of a 
30 second gene of interest. 



5. A recombination system according to Claim 4 
wherein said portion of said second gene of interest^ 
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when codobined in reading frzune with said first DNA, 
provides a hybrid^ functional gene. 

6. A recombination system according to claim 4 
wherein said portion of said second gene of interest, 
when combined with said first DNA, disrupts the function 
of said first gene of interest. 

7. ^ A recombination* system according to Claim 1 
wherein said first DNA further comprises a second FLP 
recombixiation target: site. 



8. A recombination system according to claim l 
wherein the FLP recombinase is derived from a species of 

15 the genus Saccharooyces. 

9. A recombination system according to Claim 1 
wherein the FLF recanbinase is derived from a strain of 
Saccharonryces cerevisiae. 



10. A recombination system according to Claim 9 
wherein said FLP recoinbJjieuse is encoded by the 
approximately X450 base pair sequence set forth asf 
Sequence ID No. .1. 

11. A recombination system according to Claim i 
whweln said f irert DNA provides a readily analyzable 
marker feature to i;he host system. 

±2. A recombination system according to Claim 2 
wherein said secoxid DNA provides a readily analyzable 
marker feature to the host s^tem. 
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13. A DNA construct comprising, as cin 
autonomous fragment: 

(a) at least one FLP recombination target 

/ ... 

site, 

5 (b) at lezist one restriction endonuclease 

recognition site, 

(c) at least one marker gene, 

(d) a bacterial origin of r^licatipn, and 
pptionall; 

10 (el a mammalian cellular or viral origin of 

DNA replication. 

14. A DNA construct comprising, as ah 
autonomous fragment, in the following order, reading from 

15 5* to 3' along said fragment: 

(a) a first FLP recombination target site, 

(b) an insert portion comprising, in any 
suitable sequence: 

(1) at least one restriction 

20 endonuclease recognition site, 

(2) at least one marker gene, 

(3) a bacterial origin of r^lication, 
and optionally 

(4) a mammalian cellular or^ viral origin 
25 of DNA replication, and 

(c) a second FLP recombination target site in 
l-andprn vith sed^d first FLP recombination 
target site. 

30 15. A method for the asseBOily of functional 

gene(s) , ^rtiicai is (are) then suitable for activation of 
egression in mammalian cells, by recombination of 
individually inactive gene segment? derived; from one or 
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more 9ene(s) of Interest, herein each of said segments 
contains at least one recombination target site, said 
method comprising; 

contacting sddd individually inactive gene 
5 segments vlth a FLP recombinase, under 

coxidltions suitable for recombination to occur, 

thereby providing a DNA sequence vhlc^ encodes 

a functional gene of interest. 

10 16 « A method according to Claim 15 wherein the 

FLP recombinase is derived from a species of the genus 
Saccharoiayces • 

17. A method according to Claim 15 wherein the 
15 FLP recombinase is derived from a strain of Saccharoor/ces 

cerevisiae. 

18 . A method according to Claim 17 wherein said 
FLP recombinase is encoded by the approximately 1450 base 

20 pair sequence set forth as Sequence ID Ho* 1. 

19. A method for the dlsrt^tion of functional 
gene(s) of interest, rendering said gene(8) unable to.be 
inactivated for egression in mammalian cells wherein 

25 said gene(B) of Interest contain at least one FLP 
recombination target site, said method comprising 
contacting said gene(6) of interest with: 

(1) a DNA segment which contains at least one 
FLP recombination target site, and 
30 (11> FLP recombixuise; 

xi^ereln said contacting is carried out under coxidltions 
suit2d>le for recombination to occur between, said, gene and 
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said DMA segment, thereby disrupting the geAe(s) of 
interest and rendering said gene (s) non- functional. 

20. A method according to Claim 19 wherein said 
5 DNA segment provides a readily aneayzable marker feature 

to the host system. 

21. A method according to Claim 19 vhereih the 
Fi;p recombineise is derived from a species of the genus 

10 Saccharongrces ♦ 

22. A method according to Claim 19 wherein the 
JXiP recombincise is derived from a strain of Sacchearomyces 
cerevisiae. 

15 

23. A method according to Claim 22 herein said 
EXP recombinase is encoded by the approximately 1450 base 
pair sequence' set forth as Sequence ID No. 1. 

20 24. A method for the recovery of transfected 

DNA from the genome of a transfected organism, herein 
the genomic DNA of said transfected organism contains a 
fragm^t having two tsmdemly oriented FLP recombination 
target sites therein, said method comprising contacting 

25 genomic DNA from said organism with FLP. 

25. A method for the precisely targeted 
integration of DNA into the genome of a host organism, 
said method compriising: 
30 (i) introducing a FLP recombination teurget 

site into the genome of cells which are 
coB^tible with the cells of the subject. 
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(ii) introducing a first DNA conprising a 

nucleotide sequence containing at least 
one FLP recombination tzorget site therein 
into the FLP recombination target site in 
5 the genome of said cells by contacting 

said cells with said first DNA and FLP 
recombinase, and thereafter 
(iii) introducing the cells produced by the 
process of step (ii) into said subject. 

10 

26* A method according to Claim 25, further 
conprising contacting the genomic DNA from said subject 
with FLP, thereby recovering the transfected DNA 
containing said first gene of interest from the genome of 
15 said transfected organism. 

27. A metthod according to Clais 26, ftirther 
conqprising introducing at least a portion of a second 
gene of interest into said FLP recoxobination target sit6. 

20 

28. A method according to Clais 25, further 
comprising introducing at leeist a portion of a second 
gene of interest into one of the FLP recombixiation target 
sites of said subject. 

ZS 

29. A atomalian cell, wherein the gencnoic DNA 
of said cell contains at least one FLP recombination 
target site therein. 

mammalian cell according to Claim 29 
wherein said FLP reccsmbination target site in the genomic 
DNA of said cell is positioned within at least a portion 
of one or more gene(s) of interest. 
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31. A maiomalian cell according to Claim 30, 
farther cosiprising DNA encoding, and capsQ^le of 
expressing, in masnnalian cells, a FLP reconbinase. 

5 32. A mcunmalicin cell according to Claim 30 

wherein said gene(s} of interest provide a readily 
analyzable marXer feature to the host system* 

33. A mammalian cell according to Claim 29 
10 wherein said FLP recombination target site has the 
sequence: 

5 • -GAAGTTCCTaTTCTCTAGAAAGTM:^ 

15 or functionad. ecpiivalents thereof. 

34* A mammalian cell according- to Claim 30 
further aowprising an additional DNA fragment, wherein 
said additional DHA fragment is selected from: 
20 (a) at least a second portion of said 

first gene of interest, or 

C^) at leeist a portion of a second gene 
of interest; 

wherein said second DNA contains at least one FLP 
25 recombination target site; and herein said second DNA, 
\Aen combined in ireadihg frame with sedLd first DNA, 
provides a functionaJ. gene. 

35. A trsmsgenic, non-human loammal, wherein 
30 said mammal contaixis at least one FLP recombination 
target site in the genomic mtA thereof. 
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36. A transgenic, non-htxman mammal according to 
Claim 35 wherein said FLP recombination target site is 
positioned within at least a portion of one or more 
gene(s) of interest. 

5 

37. A transgenic, non-hximan mammal according to 
Claim 35, further conprising a nucleotide sequence 
encoding, and capable of esqpressing, in transgenic, non- 
humzm wmnmlG^ a FLP recoxnbinase. 

10 

38 » A transgenic, non-human mammal according to 
Claim 35, further cosqc>rising FLP recombinase. 

39. A transgenic, non-human mammal according to 
15 Claim 36 wherein said gene(s} of interest provide a 

readily analyzable mzurXer feature to the host system. 

40. A transgenic, non-human mammal according to 
Claim 35 herein said FLP recombination target site has 

20 the sequence^: ". ^ 

5 » -GAAGTTCCrAirTCTCl!AGAAAGT^ 

or functional equivalents thereof. 
.25' ■ ' - 

41. A transgenic, non-humzm mammal according to 
Claim 36 further conqsrising an additional DNA fragment, 
wherein said additional DNA fragment is selected fr^a: 

(a) at least a second portion of said 
30 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein said second DNA contains at least one FLP 
recombination t2urget site; and wherein said second DNA, 
35 \rtien combined in reading frame with said first DNA, 
provides a functional gene. 
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42. A method for the site-specific integration 
• of transfected DNA into the genome of a cell accoirding to 
Claim 29, said method comprising: 

(i) contacting said genome vith: 
5 (a) FLP recombinase, and 

(b) a first DHA comprising at least a 
portion of a first gene of interest; 

\Aerein said first DNA contains at 
least one FLP recombination target site; 
10 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
integration of said DNA sequence to occur 
at the FLP reconibination target site in 

15 said genome of the host cells. 

43. ^A method according to Claim 42 vherein said 
FLP recombination target site in the genomic DNA of said 
cell is positioned within at lezist a poirtion of one or 

20 more gene(s).^f interest. 

44. A method according to Claim 42 further 
comprising additionally contacting said host cell with a 
second DNA, vherein said second DNA is selected from: 

25 (a) at least a second portion of said 

firsrt igene of interest, or 

(b) at least a portion of a second gene 
of Interest; 

whes^ein said second DNA contains at least one FLP 
30 retcombination target site; and ^ierein said second DNA, 
when combi ne d in reading frame vith said first DNA, 
provides a functionzO. gene. 



45* A method according to Claim 42 vherein said 
35 FLP recombinase is provided by a FLP expression vector. 
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46. A method according to Claim 45 wherein the 
expression of FLP reconbinase by said FLP expression 
vector is sxibject to regulatory control. 

5 47. A method according to Claim 42 wherein said 

FLP recombination target site is introduced into the 
genome of said host mammalian cell by transf acting said 
host cell with a DNA fragment containing at least one 
recombination target site therein. 

10 

48. A method according to Claim 42 wherein the 
FiiP reconbihation target site in the genomic DKA of said 
host mammalian cell is so positioned that the 
introduction of additional DNA sequences therein will 

15 inactivate the tzurget gene. 

49. A method for the site-specific integration 
of transf ected DHA into the genome of a host according to 
Claim 35, said method comprising: 

20 (i) contacting said genoma with: 

(a) FLP recombina^e, and 

(b) a first DNA cosaprising a nucleotide 
sequence containing at least one FLP 
recombination target site therein; 

25 and thereafter 

(ii) maintaining the product of step (i) under 
conditions suitable for site-specific 
integration of said DNA sequence to occur 
at the FLP recombination target site in 

30 said genome of the host. 



35 



50. A-method according to Claim 49 herein said 
FLP recombination taorget site is positioned within at 
least a portion of one or more gene(s) of interest. 
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51. A method according to Claim 49 further 
congprlsing addltionciliy contacting said host with a 
second DNA, wherein said second DNA is selected from: 

(a) at least a second portion of said 
5 first gene of interest, or 

(b) at least a portion of a second gene 
of interest; 

wherein setid second DNA contains at lesist one FLP 
recombination target site; and wherein said second DNA, 
10 when combined in reading frame with said first DNA, 
provides a fonctioneO. gene. * 

52. A method according to Claim 49 lAerein said 
FLP recombinase is provided by a FLP expression vector^ 

i5 

53 • A method according to Cledm 52 irtierein the 
expression of FLP recombinase by said FLP expression 
vector is subject to regulatory control, 

20 54.' A method according to Claim 49 wherein^aid 

FLP recombination target site is introduced into the 
genome of said host mammal by transfecting said host with 
a DNA fragment containing at least one recombination 
target site therein. 

25 , 

55. A miethod according to Claim 49 wherein the 
DNA of sed.d host mammal contains at least one FLP 
recombination target site, and i^erein said FLP 
recombination target site is so positioned that the 

30 introduction of additional DKA sequences therein will 
inactivate the target gene. 
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56. A method for the ualysis of the 
development of a mammal, said method con^rising:. 

(a) providing a transgenic mammal coB^rising: 

(i) an expression construct encoding FLP 
5 under the control of a conditional 

promoter, and 

(ii) a reporter construct under the 
control of the same or a different 
promoter, wherein said reporter 

10 construct encodes a functional or 

non-functional reporter gene 
product, and herein said construct 
contains at least one FLP 
recombination target isite therein, 

15 wherein the. fimctional 

expression of the fimctional 
reporter gene is disrupted when said 
FLP recombination event occurs, or 
wherein the . functional 

20 expression of the non-functional 

reporter gene commences when said . 
FLP recombination event occurs; and 

(b) following the developiiient of said mammal to 
determine when ea^ression of functional reporter gene 

25 product either comonences or is disrupted. 

57. A method according to Claim 56 wherein said 
conditional promoter is developmentallY-regulated, 

30 58. A c6-transfection assay for the occurrence 

, of FLP-mediated recombination, said assay coxnprisingr 
(a) c6-transfectlng a host mammaliem cell 

with: 

(1) a FLP expression plasmid, and 
35 (ii) a reporter plasmid comprising a non- 

functional reporter gene herein said non- 
functional reporter gene is inactivated by 
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the presence of extraneous 0NA containing 
at least one recombination tsurget site; ' 
and 

(b) monitoring said host cell irnder a variety 
5 of conditions for the gain of es^ression of functional 
reporter giene product, ^ 

59. A co-transfection assay for the occurrence 
of FLP-mediated recombination, said assay coxEprising: 
10 (a) co-transf ecting a host mammalian cell 

with: 

(i) a FLP expression plasmid, and 

(ii) a reporter plasmid con^rising a 
ftmctionsd. reporter gene containing at 

15 least one recombination target site 

therein; smd 
(b) monitoring said host cell tmder a variety 
of conditions for the loss of eacpresslon of functional 
r^orter gene product. 
20 ^ 
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